In view of the current traffic criticism faced by urban construction and the quality development and personalized trend of future rail transit system, a new type of maglev rail transit system is proposed in this paper. The principles of the modules of train suspension guidance, linear drive and on-board communication are also introduced and analyzed in this paper. And the feasibility of train suspension structure is studied based on Ansoft Maxwell finite element simulation ,which includes: under three-dimensional magnetic field, the static magnetic force of Halbach permanent magnet array is changed, and the safety and reliability of the permanent magnet suspension array are verified by comparing with the actual test vehicle sampling data; The critical stability characteristics of suspension structure under static magnetic field are proved by physical modeling. Therefore, the electromagnetic damping structure is introduced into the vehicle suspension frame to constitute the hybrid suspension control system of permanent magnet electromagnetic, and the hybrid suspension model is established, which proves that the hybrid suspension system has controllable observability. Finally, the linearized state feedback control strategy is designed for the single-point electromagnetic levitation ball system to simulate the compensation and regulation of the static magnetic field by the electromagnetic damping system. The excellent performance of the electromagnetic levitation ball also proves the feasibility and rationality of the electromagnetic control strategy. Compared with the traditional electromagnetic hybrid suspension system, this system realizes "zero" power suspension, and the energy consumption of train suspension is only consumed in the instant that the electromagnetic damping system is regulated.
particularly urgent to upgrade and perfect the urban public transportation system. Urban rail transportation is considered to be a green mode of transportation because of its large carrying capacity, safety, speed, energy and resource saving character. Research shows that the energy consumption of rail transit is only 1/9 of that of a car and 1/2 of a bus under the same capacity. Therefore, it is a common understanding of the world to give priority to the development of with the rapid changes in the economic situation since July, there is an urgent need for the infrastructure construction, especially like railway, to exert its pull effect on the national economy. Therefore, the small and medium-sized rail transit with the goal of promoting tourism and achieving rural revitalization has been given a special mission of the times.
Suspension monorail train (also called sky train) is very popular among the cities because of the advantages of low cost, short time of construction and flexibility. It has great market potential for the development of small and medium-sized cities in the future, especially the urban areas built around the mountains, those connecting the end of the subway and residential areas, etc.. Progresses in scientific and industrial technology have also promoted the rapid development of sky train. A variety of suspended rail transit systems have been put forward at home and abroad, such as the new energy suspension monorail train of CRRC Corporation Limited [1] and the BYD straddle-type Sky Rail [2, 3] in China, and the Israeli Sky Tran [4] [5] [6] and the Russian Sky Way rail cable car [7, 8] , Germany's Dortmund Air Rail [9] , Japan's Chiba Monorail [10] , and so on.
Among these types of sky train, most of them still use wheel-rail suspension and rotating motor drive mode, while train is devoted to the development of Personal Rapid Transit(PRT),
introducing the advanced maglev technology, but the structure of it is complex. The processing of the support system is very difficult, so it is hard to be applied widely. On the other hand, the proposing of "zero" power control strategy [11, 12] promotes the development and application of the electromagnetic permanent magnetic suspension hybrid structure and the electric permanent 
II. A NEW PERMANENT MAGNET RAIL TRANSIT SYSTEM
In this paper, a new intelligent permanent magnet maglev rail transit system named "Rainbow" is proposed, which means that the system will be a smart colorful cloud over the city and contributes to the urban aerial landscape construction. 
III. PERMANENT MAGNETIC LEVITATION CONTROL SYSTEM

A. Suspension structure
In the "Rainbow" suspension system, The suspension guide module is composed of four groups of single point suspension structure and eight groups of rubber guide wheels, as shown in Figure 4 . Besides, The specific parameters of the suspension structure are shown in Table 2 . 
B. Static Magnetic Field Analysis of permanent Magnet Array
Combined with the basic structure of vehicle suspension frame, the static levitation force generated by permanent magnet array is simulated by Finite Element Method [13, 14] with The effects of different horizontal deviations on the suspension force are shown in Table 3 below. This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Figure 6 . In combination with the location of the A ,B, C, D sample in Figure 3 , we have carried out the field data acquisition, and the magnetic induction intensity data sample of the permanent magnet array along the track is shown in the following Table 4 . It can be seen from the sample data that the distribution of the actual magnetic field intensity is in good agreement with the finite element simulation curve. The energy of the magnetic field is distributed in the position of B and C, whose trend is high in the middle and low on the sides, and the width of the isopotential line on both sides is relatively narrow, that is, the variation span of the magnetic field intensity is large. On the other hand, Figure 7 and Table 4 further illustrate that the magnetic energy of Halbach permanent magnetic arrays is basically within the centimeter level of space, The distance between the car position and the suspension module of the "Rainbow" system is more than one meter and the design height of the column is about 7.9 meters. Structurally, the magnetic energy of the suspension module is basically shielded from the beam. Therefore, for passengers in the car and pedestrians along the track of the "Rainbow" system, residents, they will not be affected by the magnetic field intensity of the permanent magnet.
C. Simulation Discuss and Structural Optimization
In Table 5 are affected by the detection position, resulting in a large magnetic deviation rate, which likely the error caused by the horizontal offset. Several sets of sample data and simulation data in Figure 5 are drawn into line diagram verification analysis, as shown in Figure   8 . were filled in the Halbach permanent magnet array combination gap. In this way, not only the difficulty of permanent magnet assembly can be effectively reduced, but also the demand for permanent magnets in practical construction can be reduced to a certain extent. It can be seen from the simulation that the thickness of the laminated plate has a certain influence on the levitation magnetic force, and the influence degree of the thickness is shown in Figure 9 . 
D. Stability Analysis of suspension system
In the electromaglev system composed of Halbach permanent magnet array, due to the lack of damping term in the equation of state of the system, the system presents a critical stable state [15] ; At the same time, the static suspension system also presents a certain volatility in the actual suspension magnetic force detection, so this paper will combine the magnetic force analysis of the suspension system to judge the stability of the static suspension system.
Since the 1970s, researchers have put forward many strategies for the study of magnetic field of Halbach permanent magnetic arrays, which can be divided into: finite element simulation [16] , sinusoidal approximation [17] , electronic circulation analysis [ 18 ] , magnetic charge method [19] . However, in many research methods, magnetic field analysis is often carried out for the modes of rotating motor [20] and electric suspension structure [21] , but there are few references for static magnetic force analysis between double-layer Halbach permanent magnetic arrays. Therefore, in this paper, the finite element magnetic simulation curve is obtained by MATLAB fitting tool between vertical levitation force and suspension clearance.
According to the fitting function, the steady state analysis of the static suspension system is carried out.
The fitting function is as follows: the confidence interval is 95%. 
By formula (4), we can get:
In the formula (5), the parameters can be calculated or measured in practice, that is, when the mass of the vehicle is known, the suspension height under the static magnetic field will be stabilized at ℎ 0 and the vertical displacement velocity will be zero.
When formula (3) is expanded by Taylor formula, the linearized equation of state is obtained as follows:
Among them,k = ( − )
, assume that x = ℎ − ℎ 0 ,y = . The equation of state space of the system can be obtained :
From the formula (7), the characteristic equation of the suspension system is obtained as follows: λ 2 + = 0
From (1) we know that < 0, ≫ .
Therefore, the state matrix equation of the system is the second order system, and its eigenvalue has a pair of imaginary real roots with the real part as zero, that is, the system is in the state of zero 
E. Design and Analysis of Electromagnetic Constrained Damping System
In the analysis of the above section, the train suspension system cannot meet the requirements of train safety and stability only by static magnetic force. Combined with the development of modern electromagnetic permanent magnet hybrid magnetic levitation technology, electromagnetic constrained damping system is introduced into the "Rainbow" suspension system, and the static magnetic field force is supplemented and slowed down by using the controllability of electromagnetic force. The hybrid suspension structure can be divided into permanent magnet array and electromagnetic coil, and its structure is three views, as shown in Figure 11 . The relationship between voltage and current in the electromagnet winding can be expressed as follows: (1) and (9), we can see that the magnetic force of the suspension system has a complex nonlinear relationship.
Therefore, in this paper, the nonlinear system is linearized by Taylor series at the suspension equilibrium.
Suppose that ( 0 , ℎ 0 ) is an equilibrium point of a hybrid suspension system, which is obtained by (8): 0 = 1 ( 0 , ℎ 0 ) + 2 (ℎ 0 ) +
It is easy to obtain the Taylor formula expansion (neglecting the higher-order term) for the magnetic force of (8):
{ 0 = ( , ℎ) = 1 ( 0 , ℎ 0 ) + 2 (ℎ 0 )
F ( 0 , ℎ 0 ), F ℎ ( 0 , ℎ 0 ) is derived from the differential partial derivative formula: 
The controlled output relationship between gap and current is described in formula (16) , and the controlled relation between voltage and gap can be transformed by formula (10) .
In addition, the characteristic equations of electromagnetic permanent magnet hybrid open loop suspension system can be obtained by (16) . There is an open loop pole in the right half plane on the complex plane of the system.
According to the Routh Criterion, the hybrid suspension structure composed of permanent magnet array and electromagnetic constrained damping system belongs to an unstable structure of its own, but the system is still observable and controllable. The suspension control model can be adjusted by external control strategy to make the whole suspension system stable.
G. Electromaglev control strategy
Because 
The system has complete controllability and observability.
H. Experimental verification and discussions
At present, the project is still in the basic research stage, and the electromagnetic constrained damping system is still in the theoretical stage, but its structure and principle are basically the same as the electromagnetic 
In the formula, x1 and x2 represent the displacement and velocity of the suspension ball respectively, and the matrix rank discriminant >0, >0 ,respectively.
For linearized systems, the state feedback control of linear time-invariant systems can be used for pole assignment of formula (22) .
According to the expected performance of actual control, this paper selects the dynamic control performance index: the overshoot quantityδ 1 ≤ 5% ,and the adjustment time is less than 3 s.
Combined with the reference [25] Figure 12 below. 
I. Experimental result
A single point suspension ball system belongs to a voltage input electromagnetic adsorption suspension structure. In the actual control system, the voltage input signal of the suspension system is analyzed. In Figure 13 GJJ170514 and GJJ150620).
